We describe our early operative experience with a new pelvic reduction frame and the standard of reduction of fractures of the pelvic ring which we achieved in the first 35 consecutive patients, with 34 acute fractures and one nonunion. The pre-operative and immediate post-operative radiographs were measured, using two methods, to find the maximum radiological displacement of the fracture and the quality of the reduction according to the criteria of Tornetta and Matta.
The goal of surgery in pelvic fractures is to obtain the best reduction possible and introduce appropriate fixation without serious complications. [1] [2] [3] [4] Achieving this can be difficult, especially if minimally invasive techniques are used. The three-dimensional shape of the pelvis, its deep location and the relationship to vital structures, together with the multiplanar displacement of the injuries combine to make surgery demanding. In particular, the anatomical reduction and stabilisation of any fracture with percutaneous screws is difficult.
The pioneers of percutaneous stabilisation described several methods of reduction. These include manual reduction or skeletal traction to realign cephalad displacement of the injured hemipelvis, 5 Schanz pins or external fixator pins placed in the iliac wing to gain rotational control of the pelvic ring, 5, 6 a femoral distractor attached to anterior pelvic pins to provide gradual compression or distraction of the posterior ring, 5, 7 and iliosacral screws carefully positioned to effect reduction of a fracture or dislocation. 5 Anchoring the uninjured hemipelvis to the operating table using a specially designed frame simplifies reduction by providing a stable platform against which the surgeon may manipulate the injured hemipelvis. 8 However, minimally invasive reduction remains challenging, especially in fractures which are markedly displaced. Reduction and stabilisation often become a complicated team effort with several surgeons, nurses and radiographers working together in attempting to obtain adequate alignment and fixation.
Whether undertaken in an open or a closed manner, surgery remains an exercise in the application of reduction forces to counteract the deformation caused by the injury and the pull exerted by the muscles attached to the displaced fragments. We believed that a device which secures the patient to the operating table, to allow stepwise realignment of the fracture would make surgery easier and more precise. We have developed a frame comprised of two carbon-fibre rings which are attached to the operating table and, by means of steel pins, to the patient (Starr Frame, Limited Liability Corporation, Richardson, Texas). By manipulating the pins and clamping them to the frame, a gradual realignment of the pelvis can be achieved. The complete technique is described elsewhere.
Commonly, two pins are used on the uninjured side of the pelvis to secure the patient to the frame, which has been clamped on to the operating table (Fig. 1) . Vertical displacement of the injury is addressed by applying traction via a skeletal traction pin in the distal femur, attached to a traction bow on the end of the bed. This is supplemented with traction delivered via an external fixation pin placed at the level of the iliac crest in line with the long axis of the sacrum. Anteroposterior (AP) displacement is addressed using an external fixator pin secured to the anterior inferior iliac spine. Once satisfactory reduction has been achieved the pins are locked to the frame and percutaneous fixation of the posterior pelvic ring is performed with the frame in place (Fig. 1) . Subsequently, anterior fixation is performed either by an open technique or percutaneously, or by definitive external fixation, according to the particular requirements of the fracture.
We began using a prototype of the frame in 2005, and describe our early experience and the results obtained in the first 35 patients.
Patients and Methods
The patients had a mean Injury Severity Score 10,11 of 28 (12 to 57). There were 34 acute fractures and one nonunion. The mean age was 33.5 years (10 to 59). One child aged ten years was included; all the other patients were aged 17 years or more. There were 11 females and 24 males. The mean body mass index (BMI) was 27.6 (SD 1.1), with nine patients having a BMI > 30 ( Table I ). The fractures were classified according to the sytstem of Young et al. 12 There were Photograph showing a) the reduction frame being attached to the operating table after the patient has been draped, b) multiplanar external fixator pins placed in the uninjured hemipelvis (foreground) and then attached to the frame, c) an external fixation pin being placed at the anterior inferior iliac spine on the injured side and d) reduction has been obtained and locked in place, with placement of posterior fixation. 19 vertical shear type injuries, nine AP compression type III, one AP compression type II, four lateral compression type III and two lateral compression type II injuries. For analysis these were divided into two subgroups of 19 vertical shear and 16 compression type injuries. This distinction between vertical shear and compression fractures was made because the vertical injuries required reduction forces mainly in the cephalad to caudad direction, whereas those in the compression group required primarily side-to-side reduction. Radiographic review. Each patient had AP, inlet and outlet pelvic radiographs both pre-and post-operatively. The displacement of the fracture was measured using pixel calibration with a standard ruler from the Picture Archive Communication system (PACS) (MagicWeb, Seimens Inc, New York, New York). Each measurement was done by two independent observers (KAL, BPB) and the mean calculated. In patients where several pre-operative series were performed, that showing most displacement was used for measurement.
Two methods were used to quantify displacement of the pelvic ring. First, the method described by Keshishyan et al, 13 later reported by Smith et al, 14 for describing displacement in paediatric disruption of the pelvic ring was used. This method uses the AP pelvic view only, and in skeletally immature patients records the distance from the inferior aspect of the sacroiliac joint to the contralateral triradiate cartilage. In our adult patients we measured the distance from the inferior aspect of the sacroiliac joint to the inferior aspect of the teardrop, which is accepted as a reliable radiographic marker on films of the pelvis in adults. 15 These measurements were evaluated in two ways, the first being to subtract one side from the other, yielding a pelvic asymmetry value (X-Y). The Deformity Index, which takes obliquity of the exposure into account, was the cal- THE JOURNAL OF BONE AND JOINT SURGERY culated (X-Y/X+Y). 13 An example of these measurements is shown in Figure 2 .
We recognised that the Keshishyan system could quantify the displacement well in some patients while minimising the measured displacement in others. For vertical displacement, this technique accurately quantifies the difference between the hemipelves (Fig. 2) , but where the injury involves primary widening of the pelvic ring, it underrecords the displacement (Fig. 3) .
A second method was carried out as follows. A horizontal line was drawn across the superior endplate of the fifth lumbar vertebra as a reference. Using this line as the direction for horizontal measurements, or perpendicular to this line for vertical measurements, the maximum displacement of the anterior and posterior pelvic ring was measured. The displacement recorded was either across a fracture or disruption (sacral fracture, pubic ramus fracture, sacroiliac joint disruption, symphysis disruption), or between two displaced normal bony landmarks such as the iliac crests. This was repeated for all three pre-operative views (AP, inlet, outlet). Measurements were taken from the same anatomical locations on the post-operative films. For each patient the displacement was quantified using the maximum pre-and post-operative measurement from the six taken. Examples are shown in Figures 4 and 5 . The final reduction for each patient was graded according to the method of Tornetta and Matta, 16 where excellent was a residual displacement of 0 mm to 4 mm; good, 4 mm to 10 mm; fair, 10 mm to 20 mm and poor, a residual displacement exceeding 20 mm. Procedure. The use of skeletal leg traction, as well as the number of external fixator pins used for stabilisation and reduction, was recorded. The fixation required was noted including the position and side of all iliosacral screws, column and ramus screws, the use of the lateral compression-type II screw stabilisation method with screw placement down the column of bone extending from the anteroinferior iliac spine toward the posteroinferior iliac spine, 17 symphysis plates and anterior external fixators.
Statistical methods. All descriptive statistics were tabulated using SAS JMP v 7 software (SAS Institute Inc., Cary, North Carolina). Fisher's exact test was used to test the statistical significance of categorical variables, and Student's t-test for continuous variables. Statistical significance was set at a p-value ≤ 0.05.
Results
For the 34 acute injuries, the mean delay to surgery was 4.6 days (0 to 16). In all, ten patients had some additional procedure under the same anaesthetic. Of those who had isolated pelvic reduction and fixation, the mean time in the operating theatre, including induction and reversal of the anaesthesia was 103.4 minutes (SD 6.5) and the mean fluoroscopy time was 11.2 minutes (SD 0.9). For reduction, three external fixator pins were used most frequently, with four pins required in only three patients. Skeletal traction was used in all but nine patients, and employed bilaterally in one. All patients except one with the APC compression type II disruption had iliosacral screws placed posteriorly, with a total of 56 screws used. Three patients had a screw placed in the lateral compression type II position where the screw is placed down the column of bone extending from the anterior inferior iliac spine toward the posterior inferior iliac spine. 17 In all, 18 patients required anterior column/ ramus screws, and six patients needed plates to the symphysis pubis. A total of 12 patients were left with anterior external fixators in situ.
The evaluation of pre-and post-operative displacements in the acutely injured patients is summarised in Table II. The results show that our patients presented with marked displacement which we were able to improve using the reduction frame. The adequacy of reduction for each patient according to the Tornetta and Matta classification 16 is listed in Table I . We were able to obtain an excellent reduction in ten patients, a good reduction in 18 and a fair reduction in seven. The mean maximum post-operative absolute displacement was 7.1 mm (SD 0.7) and the mean asymmetry on the AP view was 5.2 mm (SD 0.7).
In the acute fractures the mean delay to surgery was similar both in fractures that were rated as excellent or good reductions at 4.5 days (SD 0.7), and in those with acceptable reductions with a mean of 4.8 days (SD 1.6 ). This difference lacked statistical significance (t-test, p = 0.83). One third of the obese patients (three of nine) had a fair reduction as did four of 26 non-obese patients, but again this difference was not statistically significant (Fisher's exact test, p = 0.34). There were slightly fewer excellent or good reductions in the vertical shear group (14 of 19) than in the compression group (14 of 16), but this lacked statistical significance (p = 0.41).
Discussion
Surgical treatment of displaced disruption of the pelvic ring is widely recognised as challenging. [1] [2] [3] [4] Although formal open reduction and internal fixation has been advocated by several authors for the treatment of displaced injuries, 1, 3, 18 the use of percutaneous techniques, especially in the posterior pelvic ring, has gained wide acceptance. 5, [19] [20] [21] [22] [23] Assessment of the adequacy of the reduction has been used widely as an outcome measure. 6, 17, 18, [23] [24] [25] [26] [27] despite this, a standardised method of measuring displacement in these injuries in adults has yet to be outlined, making comparisons between reports unsatisfactory. Therefore, we chose to use the method modified from the description of Keshishyan et al 13 for measuring radiographs of injuries to the pelvic ring in children. This revealed a mean improvement in cross-diameter asymmetry on the AP pelvic radiograph from 26.4 mm to 5.2 mm. We also developed a system of measuring absolute displacement in the vertical and horizontal planes on pelvic radiographs. The inter-and intra-observer reliability of both of these methods has yet to be tested, and there are inherent sources of error due to lack of adjustment for magnification.
The grading of measurement of the adequacy of the reduction described by Tornetta and Matta 16 lacks firm basis for its thresholds. However, it is the most commonly used system to grade the radiographic outcome, despite lack of consistency in how the measurements are taken. 16, 18, 23, 26, 28 Based on this system, the outcome was excellent and good in 28 of our patients (80%), even though considerable pre-operative displacement had been present, which is similar to that described in previous series. 5, 16, 21, 29 Both methods of assessment of reduction were performed comparing the pre-and post-operative radiographs and found reliable improvement in the radiographic displacement.
The difficulty encountered in obtaining reduction limits the use of percutaneous reconstruction in the treatment of pelvic fractures. Instrumentation that simplifies reduction should encourage the use of minimally invasive techniques, provided the reduction is adequate. The problems associated with making a direct comparison of our results with previously published work means that we retain some uncertainty regarding our findings and consider that the results should be considered as part of a feasibility study.
One variable that was not assessed was the surgeon's impression of the ease of reduction, although we accept that such a measurement would be difficult to make objectively. However, our ability to obtain an acceptable reduction was not significantly associated with delay to surgery when using the frame. Likewise neither obesity of the patient nor the fracture type were associated with the adequacy of the reduction in this series.
The ability to maintain a stable reduction of the pelvic ring using the pelvic reduction frame would enable computer-assisted navigation to be used to finalise the anatomical reduction. 30 With the uninjured side and the displaced sides of the pelvis locked to the frame, fluoroscopic images could be gathered for navigation without concern for movement of fracture fragments and subsequent misplacement of fixation.
This pelvic reduction frame has shown its value in obtaining effective reduction and fixation of displaced pelvic ring disruptions. Early experience with this prototype has yielded promising results. 
